Abstract: Body wash cosmetics are among the most common groups of cosmetics used by consumers. Faced with strong competition in the marketplace, cosmetic manufacturers search for innovative solutions both in terms of product composition and form. An example of an innovative technology which can be used in the production of body wash cosmetics is the process of coacervation which yields a concentrated body wash product. Another important aspect which needs to be considered in the formulation of body wash cosmetics is their safety of use. It is crucial to ensure that such cosmetic products do not induce skin irritations. At present, the most widespread method of reducing the skin irritation potential of cosmetic products is the use of surfactant mixtures. The study is an attempt to evaluate the effect of using polyvinylpyrrolidone in the formulations of model body wash cosmetics in the coacervate form on the skin irritation potential and basic quality determinants of body wash products. Polyvinylpyrrolidone was found to contribute to a significant reduction in the irritant effect, and the skin irritation potential decreased in proportion to increasing molecular mass of the polymer. The application of polyvinylpyrrolidone with the different molecular weight also has an impact on improving the foaming properties of model body wash cosmetics and the stability of foam they produce.
Introduction
Body wash cosmetics represent the largest group of cosmetic products both in terms of quantity and frequency of use by consumers. The skin of most people comes into contact with a range of body wash cosmetics including soap, liquid soap, body wash gel, hair shampoo or bath liquid, several times a day. The main task of body wash cosmetics is to remove soiling, both of internal and external origin, from the surface of the skin or hair. This goal can be achieved with the use of surfactants. However, surfactants are associated with side effects, the most important of which is the potential to induce skin irritation. From the physicochemical viewpoint, body wash cosmetics are generally 10-30 % aqueous solutions of surface active agents (surfactants) enriched with a variety of substances to achieve the desired viscosity (electrolytes, polymers), product preservation (preservatives), fragrance, color, nourishing and moisturizing properties, etc. [1] [2] [3] [4] [5] [6] [7] .
The method and technology employed by manufacturers in the production of cosmetics has been largely the same for many years, without major modifications. The usual procedure involves the preparation of aqueous surfactant solutions and additives, and thickening the system with electrolytes or polymers. However, as the cosmetic market is very competitive, cosmetic manufacturers are constantly on the lookout for innovative solutions not only in terms of ingredients but also product form and production technologies.
Limited available studies demonstrate that an example of such innovation may be the production of washing cosmetics based on the process of simple coacervation [8] [9] [10] [11] .
Research has found that coacervate, i.e. the product of coacervation process, can be a novel form of a washing agent which possesses functional properties similar to traditional products but, unlike them, constitutes a concentrated form. Previous studies show that the process of coacervation makes it possible to obtain, for example, hand dishwashing liquids with very good functional properties which, compared to traditional products, are safer for the skin and have a lower irritant potential. The addition of water increases their viscosity. There are no studies using the process of coacervation in the production of cosmetic products [10] [11] [12] [13] [14] .
Coacervation in surfactant systems is induced through the use of electrolytes. Following its addition, micelles formed in surfactant solutions undergo transformations from spherical to cylindrical micelles, via bilayered lamellar structures to lamellar vesicles created by spherically arranged lamellae (so-called onion structures). Their formation results in the separation of the solution into two phases: surfactants -rich phase (coacervate) and surfactants -poor phase (diluted phase) [12] [13] [14] [15] [16] [17] [18] [19] .
Studies conducted by Wasilewski, Bujak and Seweryn [8] [9] [10] 40] have demonstrated that the coacervation process is influenced not only by the types of surfactants but also by the type of electrolyte used.
In recent years, particular attention in the development of formulations has been paid to product safety. The focus on safety is a consequence of growing consumer awareness and changes in cosmetic legislation implemented in a number of countries, aimed at ensuring product safety and quality through appropriate conditions of manufacturing and control of cosmetics. In body wash cosmetics reduction of the skin irritation potential is usually achieved by incorporating mixtures of various surfactant types into formulations. This solution contributes to the stabilization of micellar aggregates formed in solutions, and thus reduces the proportion of individual surfactant molecules (monomers), which have the most pronounced skin irritation effect, in the systems [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
Research has also identified other solutions aimed at lowering the skin irritation effect, such as the addition of plant extracts, polymers or protein hydrolyzates [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] .
Polymers and proteins or protein hydrolyzates -owing to their ability to form complexes with surfactantshave an ability to stabilize micelles. By binding with them (and forming the so-called bead structures), they reduce the number of free monomers in the volume phase. A model system demonstrating interactions between surfactants and polymers consists of sodium dodecyl sulfate and polyvinylpyrrolidone (PVP), and can also be used as a cosmetic ingredient [43, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] .
Previous studies [7, 43, 53] have shown that PVP and its derivatives have a significant effect on reducing the skin irritation potential of traditional body wash cosmetics based on an anionic surfactant, while maintaining full functional properties. The present study, which is a follow-up to the studies mentioned above, was an attempt to determine the effect of molecular mass of polyvinylpyrrolidone on the skin irritation potential and functional properties of model cosmetics. Model cosmetics were prepared using the coacervation process.
Materials and methods

Material
Raw materials used in the commercial cosmetics were used to develop the body wash gels: Sodium Laureth-2 Sulfate (SLES, trade name Brensurf 25; supplier Brenntag, Poland), Cocamidopropyl Betaine (Dehyton K, BASF, Germany), Citric Acid (Citric Acid, Chempur, Poland), Polyvinylpyrrolidone (pharmaceutical purity); average molecular weight 10 000, 40 000, 1 600 000 g/mol (Luviskol K17, K30, K90 BASF, Germany), Sodium Chloride 
Methods
Production technology of model body wash gels
Based on the principles of formulating body wash cosmetics which are widely employed in industrial practice, a range of own studies and a review of literature data, starting formulations were developed to obtain model body wash cosmetics in the form of coacervate. Their compositions are listed in Table 1 .
The main washing compound was the anionic surfactant sodium laureth sulfate which was used in the starting formulations at a concentration of 10 wt.%. The amphoteric surfactant Cocamidopropyl Betaine at a concentration of 0.5 wt.% was used as an auxiliary surfactant. Four formulations were selected for testing. One of them was a reference (baseline) sample which contained exclusively water and surfactants. The other three formulations (designated as P1, P2 and P3) additionally contained polyvinylpyrrolidone (PVP) at a concentration of 1 wt.%. The variable parameter in the test samples was the molecular mass of the polymer. PVP with a molecular mass of 10 000 g/mol (P1); 40 000 g/mol (P2) and 1 600 000 g/mol (P3) was used.
The technology used to obtain starting formulations and then coacervates involved the stage of dissolving in water of PVP (samples P1, P2 and P3), followed by washing substances. Deionized water was weighed into a beaker, and the polymer was added to it. The solution was mixed with a mechanical anchor stirrer (Chemland O20, Poland), at a rotational speed of 750 rpm, until complete dissolution of PVP. Next, surfactants were added and stirring was continued for 5 min. The samples were homogenized using IKA laboratory homogenizer with a blade rotational speed of 1500 rpm. The baseline sample was obtained through the dissolution of surfactants in water. The samples thus obtained were the starting formulation for obtaining model body wash cosmetics in the coacervate form. Next, the process of coacervation was carried out in the starting formulations by adding an electrolyte -sodium chloride (NaCl). NaCl was added in portions of 0.5 g per 100 g of the starting formulation. After adding each portion of salt the sample was stirred until its complete dissolution, and set aside for 15 min. Following that period, the sample was inspected to determine whether phase separation was present, confirming that coacervation had taken place. NaCl continued to be added until the process of coacervation was visible, manifested by the formation of two phases in the system at a volume ratio as close as possible to 1:1. If the coacervation process had occurred, the biphasic system was stirred again, transferred to a separator and left for 72 h in order to achieve precise phase separation. After that time the coacervate phase (representing a model body wash cosmetic) was isolated and analyzed to determine the content of active substances. To assess the irritant potential, the cosmetics in the coacervate form were preserved and their pH was adjusted, so that it corresponded to the physiological pH value of human skin (pH = 5.5 ± 0.1).
Determination of irritant potential -zein value (ZV)
Irritant potential of the products was measured using zein test. In the surfactants solution zein protein is denatured and then is solubilised in the solution. This process simulates the behavior of surfactants in relation to the skin proteins. To 40 mL of the samples solution (10 wt.%) was added 2 ± 0.05 g of zein from corn. The solutions with zein was shaken on a shaker with water bath (60 min at 35 °C). The solutions were filtered on Whatman No. 1 filters and then centrifuged at 5000 rpm for 10 min. The nitrogen content in the solutions was determined by Kjeldahl method. One milliliter of the filtrate was mineralized in sulfuric acid (98 %) containing copper sulfate pentahydrate and potassium sulfate. After mineralization the solution was transferred (with 50 mL of MiliQ water) into the flask of the Wagner -Parnas apparatus. Twenty milliliter of sodium hydroxide (25 wt.%) was added. The released ammonia was distilled with steam. Ammonia was bound by sulfuric acid (5 mL 
Determination of irritant potential -pH rise test with bovine albumin serum (BSA)
Fifty grams of aqueous solution of BSA (2 wt.%, pH = 5.5) was mixed with 50 g of body wash gels solution (10 wt.%, pH = 5.5). pH of the BSA and analyzed samples solution was regulated with the sodium hydroxide or citric acid. Samples were stirred (200 rpm, 3 h). After 72 h incubation at room temperature pH was measured (pH-meter Elmetron, combination pH electrode, 22 °C). The final result was the arithmetic mean of five independent measurements. The results was calculated from the formula:
pH pH pH increase of BSA solution 1 00 % pH where: pH 1 -pH value of the sample after incubation, pH 0 -pH value of the sample before incubation (5.5).
Determination of the turbidity
The test was performed using a HACH 2100 AN turbidity analyzer (turbidimeter). The sample was transferred to a cuvette, which was then placed in the measuring chamber of the turbidimeter. The results were evaluated after their stabilization. The final result was the arithmetic mean of five independent measurements.
Determination of the foaming properties
The method of measurement was in line with Polish Standard PN-ISO 696:1994P (Surface active agentsMeasurement of foaming power -Modified Ross-Miles method). The foam volume produced by 500 mL of samples solutions (1 wt.%) falling from a height of 450 mm into a cylinder (1000 mL) containing 50 mL of the same solution was measured. Measurements were carried out at 22 °C. The final result was the arithmetic mean of five independent measurements. Foam stability was calculated from the equation: 
Error analysis
The points in the charts represent mean values from a series of three or five independent measurements. The t distribution was used to calculate confidence limits for the mean values. Confidence intervals, which constitute a measuring error, were determined for the confidence level of 0.90. Error values are presented in the figures.
Results and discussion
Analyzed of coacervation phases
The process of coacervation was observed in all four starting formulations as a result of sodium chloride addition. Table 2 lists values of the optimum NaCl concentration necessary for coacervation to take place in each of the samples under analysis and volumes of the (surfactant-rich) coacervate phase and the (diluted, surfactant-poor) aqueous phase formed during the process.
In each of the cases analyzed, the coacervation process produced biphasic systems in which coacervate was the top phase (the dye introduced to the system passes into the enriched phase, i.e. coacervate). The coacervation process occurred for different test samples at varying NaCl concentrations. The lowest salt concentration (12.5 g of NaCl per 100 g of the starting formulation) was needed for coacervate formation in the baseline formulation. Introducing PVP into the system contributes to an increase in the content of the electrolyte, for which the process of coacervation is observed. Samples containing the polymer with molecular weights of 10 000 and 40 000 g/mol required the addition of 13.5 g of NaCl for coacervation to occur. An increase in molecular mass caused an increase in the optimum electrolyte concentration. Accordingly, for the starting formulation containing PVP with a molecular mass of 1 600 000 g/mol the process of coacervation took place after adding 14.5 g of NaCl to 100 g of the starting formulation. Polyvinylpyrrolidone in systems containing anionic surface active agents shows an ability to create complexes with surfactants occurring both in the form of monomers and micellar aggregates formed in solutions after the CMC is exceeded (Fig. 1 ) [47] [48] [49] [50] [51] [52] . The emergence of polymer-surfactant complexes of this type may have a direct effect on the observed differences in NaCl concentrations determining the occurrence of the process of coacervation and the formation of the coacervate phase. The addition of polymer (PVP) has an impact on increasing the system's stability. The transformation of micellar shapes from spherical to cylindrical and then lamellar droplets, the flocculation of which is essential for the process of coacervation, may be markedly more difficult in the presence of PVP which is capable of their stabilization. However, as the molecular mass of PVP grows, system stabilization increases, and consequently inducing the process of coacervation requires a higher concentration of NaCl to occur.
The study also found that the addition of PVP had an impact on the volume of phases arising after the separation of systems due to the coacervation process. The phase separation ratio after coacervation will affect the content of active substances in the coacervate phase and determine its concentration, and ultimately the functional properties of body wash products in the coacervate phase. Consequently, the concentration of NaCl was selected in such a way as to make it optimal and to achieve the highest possible concentration of surfactants in the separated coacervate phase. The highest percentage content of the coacervate phase (60 %) was noted in the baseline sample. Consequently, this sample can be treated as the sample with the lowest concentration of surfactants. PVP-enriched samples were characterized by a lower percentage content of the coacervate phases (i.e. higher degrees of concentration), at a level of approximately 55 %. However, the molecular mass of PVP was found to have no effect on the volumes of separated coacervate phases (differences within the margin of error).
In the next stage of the study, the content of active substances (surfactants + PVP + dye) in the separated coacervate phases was evaluated. To this end, gravimetric assessment was performed for each coacervate obtained from the starting formulation to determine the content of dry matter and sodium chloride. Based on the difference between the values, the content of active substances contained in the phases separated during the process of coacervation was evaluated. The results are listed in Table 3 . The results show that the addition of PVP to the starting formulations for obtaining body wash cosmetics in the coacervate form produces more concentrated coacervates than that obtained for the baseline sample. The coacervate phase arising from the coacervation process in the baseline sample contains approximately 13.1 % of active substances. The content of active substances in the samples P1, P2 and P3 containing PVP with different molecular masses was in the similar range of approximately 15.8-15.9 %. The molecular mass of the polymer had no effect on the content of active substances in the obtained coacervate phases. The differences identified between the baseline sample and the samples P1, P2 and P3 are attributable to a difference in the compositions of starting formulations from which coacervate is obtained (in addition to surfactants present in the baseline sample, the samples P1, P2 and P3 additionally contained PVP) and a difference in the volume of obtained phases.
Irritant potential
In the next stage of the study, the coacervate phases obtained from the starting formulations were preserved, and their pH was adjusted to the value of 5.5 ± 0.1. The coacervate samples thus obtained, representing model body wash cosmetics, were tested to evaluate their skin irritation potential. The zein number was determined, and an incubation test with bovine serum albumin was performed. The results are shown in Figs. 2 and 3.
As pointed out in the introductory section, one of the main disadvantages of using body wash cosmetics is their potential to cause skin irritation. This applies in particular to cosmetics based on anionic surfactants such as sodium laureth sulfate or sodium lauryl sulfate. Following their adsorption on the skin surface, they interact through electrostatic interactions with the surface proteins. The process leads to changes in the structure of proteins and their denaturation. Water used for skin washing exhibits no ability to dissolve and wash away proteins from the skin. In contrast, surfactant solutions through their protein-binding ability may result in proteins being washed away from the skin, which manifests itself through skin irritation. The literature indicates that the process outlined above is the basic mechanism underlying skin irritations induced by washing substances. It has been proposed that the skin irritation potential of body wash cosmetics should be reduced by limiting the surfactant-induced process of washing proteins from the skin. Results of multiple studies show that the main factors affecting interactions between surfactants and skin surface proteins are the type, concentration and duration of skin exposure to surfactants. The strongest interactions are observed at concentrations below the critical micelle concentration (CMC) and for surfactants containing 12 carbon atoms in the hydrophobic chain. At concentrations below the CMC, the binding of surfactants to proteins rises significantly along with the increase in surfactant concentration. At surfactant concentrations above the CMC, the interactions are not directly proportional, and their nature depends on the type of the surface active agent. Studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] show that irritant effect is attributable primarily to monomers, i.e. individual surfactant molecules (the form occurs in solutions below the CMC). On account of their small size, monomer molecules are able to easily penetrate through the skin and interact with proteins. The process is much more difficult for micelles, which are larger in size. Aggregates arising in micellar systems are thermodynamically unstable and, as a result, they constantly disintegrate, releasing free monomers into the volume phase of solutions. Consequently, stabilization of micelles formed in solutions, coupled with a decrease in the number of free monomers contained in them, may be the best solution for reducing the adverse interactions of surfactants with the skin and the development of skin irritations [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Studies often use a test imitating interactions taking place between surfactants and proteins, which is based on zein number determination. Results obtained for analyzed coacervates show indisputably that the incorporation of PVP into the system markedly enhances the safety of using body wash cosmetics in the coacervate form. The result achieved for the baseline sample (approx. 270 mgN/100 mL) shows that the coacervate has an irritant effect on the skin. The addition of PVP to the formulations of model body wash cosmetics contributes to a decrease in the skin irritation potential, and the higher the polymer's molecular mass, the more the skin irritation effect is reduced. The value obtained for the sample containing PVP with the lowest molecular mass is approximately 215 mgN/100 mL, and for the coacervate containing PVP with the highest molecular mass it is about 180 mgN/100 mL. Consequently, after PVP is added, the skin irritation potential of coacervates is reduced from approximately 20 % (sample P1) to approximately 30 % (sample P3) in relation to the baseline sample. The results were confirmed by performing an incubation test with BSA solution. Imokawa et al. [55] and Tavss et al. [57] proposed investigating changes in the pH level of the BSA solution as a method of predicting the irritant activity of the surfactant solution added to it. The authors demonstrated the suitability of the method for evaluating the irritant potential of anionic surfactants and their mixtures with other surfactants. Nonionic, cationic and amphoteric surfactants used alone have a very minor effect on BSA. The results obtained by Imokawa and Tavss corresponded to the results of the zein test and collagen swelling test, which demonstrates the suitability of the method for the estimation of irritant activity. An increase in the pH of the solution observed in such systems is caused by the neutralization of cationic BSA groups by anionic surfactants, and the adsorption of protons from the solvent (water) by negatively charged groups in the protein molecule [56, 57] .
For the baseline sample, the pH increase was about 25 %. In the PVP-enriched coacervates the increase was much lower and diminished along with increasing molecular mass of the polymer used. In the sample containing PVP with the lowest molecular mass it was approximately 20 %, and in the model coacervate enriched with PVP with the highest molecular mass the increase in the pH of the BSA solution was just 15 %. The results of both tests confirm the effectiveness of PVP as a substance that strongly reduces the skin irritation effect of anionic surfactants. The effectiveness of the polymer in the stabilization of structures formed in micellar systems was found to rise in proportion to increases in its molecular mass. Furthermore, longer polymer chains, which have more active centers capable of "capturing" free monomers, are able to decrease the adverse effect of surfactants on the skin proteins more powerfully.
Stability and turbidity
In the process of product formulation it is vital to ensure that the desired improvement in product quality, and the selection of ingredients and product form to enhance a particular parameter, will not adversely affect other product quality determinants. As shown, the addition of PVP to the model body wash formulations, and the use of coacervate (a new physiochemical product form) contribute significantly to a reduction in the irritant effect. As the next stage of the study, an attempt was undertaken to evaluate the basic quality parameters in order to determine the effect of the solutions implemented in the model products on viscosity, stability and foaming properties. The stability of the coacervates obtained in the study was assessed on the basis of COLIPA Guidelines [58] . Thermal and mechanical load tests found the products to be stable. Also, there were no signs of microbiological instability or visual changes in the samples during a period of 6 months after product preparation. These findings were confirmed by turbidity tests which, after 6 months, yielded results that differed only in a statistically insignificant way from the values noted immediately after coacervate formation. In addition, the molecular mass of PVP was not found to have any effect on the measured values (Fig. 4) .
Foaming properties
Furthermore, the tests found that the formulated model body wash cosmetics in the coacervate form exhibited very good foaming properties, and the foam they produced achieved very high values of the foam stability index (Fig. 5 ). In addition, there was an increase in the foaming ability of the products and a slight increase in foam stability index along with increasing molecular mass of PVP used in the formulations. The foaming ability in the sample P1 was about 10 % higher than in the baseline sample, and in the sample P3, containing the polymer with the highest molecular mass, the value was approximately 20 % higher.
The results obtained in the study can be interpreted by referring to surfactant-polymer interactions. The findings are consistent with reports available in the literature. Micelles arising in polymer-surfactant systems initially, i.e. at low surfactant concentrations, have the form of aggregates bound to polymer chains and emerge at a specific concentration which is referred to as the critical aggregation concentration (CAC). An increase in surfactant concentration causes gradual saturation of polymer chains with micelles. After all the active centers on the chains are saturated, free (polymer-unbound) micelles start occurring in the volume phase. Higher foaming ability and foam stability values are attributed, as Folmer and Kronberg claim [53, 54] a higher viscosity of the film separating gas bubbles in the foam structure. Higher viscosity reduces the dehydration of the intervesicular film, which leads to an increase in stability and volume of foam produced in polymer-containing systems, as compared to systems based exclusively on surfactants.
Viscosity properties
As the literature and our results (Fig. 6) show, the viscosity of coacervates increases as a result of adding water to them. Viscosity measurements performed for the model body wash cosmetics in the coacervate form as a function of added water are shown in Fig. 5 . This is a very interesting property of the coacervate, particularly as a novel form of body wash cosmetics, because consumers view the viscosity of body wash products as the main determinant of quality (highly viscous products are regarded as products of top quality). Based on this property, coacervates can be seen as concentrated body wash products, and hence products with a high ecological appeal. A coacervate with a low viscosity level which is diluted in water acquires the consistency of a traditional product as a result of increasing viscosity. Consequently, consumers are able to control product quality according to their individual needs (coacervate dilution with water at different ratios, for example 1:1 or 1:2, makes it possible to obtain a product with more potent or more delicate washing abilities, etc.). In addition, the possibility of product distribution in small packages translates into a reduction of the size and volume of waste generated in households.
An increase in coacervate viscosity achieved through the addition of water is due to changes in the structure of micellar aggregates present in the coacervate. As mentioned above, the coacervate phase contains primarily bilayered lamellar structures in the form of the so-called lamellar vesicles [7, 8, [15] [16] [17] . Following the addition of water, the product becomes diluted and the structures transform into cylindrical micelles (an increase in viscosity). An increase in the concentration of added water increases viscosity up to a certain maximum value, after which viscosity begins to drop as a result of formation of flattened spherical micelles, followed by spherical micelles, in the system [7] [8] [9] [10] [11] . 
Conclusion
The study found that the application of PVP in the formulations of model body wash cosmetics had an effect on the properties of model body wash cosmetics in the coacervate form. Coacervates obtained on the basis of PVP-enriched formulations showed a higher degree of active substance concentration. However, despite a higher content of active ingredients they are characterized by a markedly lower skin irritation potential. The irritant effect of PVP-containing coacervates was approximately 20-30 % lower in relation to the baseline sample, and the parameter was found to decrease as a function of the molecular mass of the polymer used. In addition, the use of PVP has an positive effect on the foaming properties of cosmetic products. It was found that the addition of PVP improves foaming properties and foam stability. The volume of the produced foam and its stability increase with increasing the molecular weight of the polymer.
